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SEARCH ON THE S0=CALLED ANISOTROPY EFFECT OF TH@

EXPERIMENTAL RE:

TONOSPHERE
s

Ya, L. Al'pert

1, INTRODUCTION

In the preceding article (1) we indicated thabt in the course ‘
of experimental studies of the ionosphere we discovered a certaln E
new phenomenon called "Effect of Anisotropy of the Tonosphere" (2)e
In order 1o explain this phenomenon we developed a theory in the
above mentioned article, Complex and cumbersome calculations were
needed to transform the results of theoretical findings into nu=

merical values and graphs and to obtain a clear pictures

There were also many difficulties in the experimental part

of the work,

As far back as 19L5, while experimenting with the equipment
described below I discovered that the values of the azimuths of the ¢
common and uncommon impulses reflected from the ionosphere are con-=
siderably different in magnitude, Moreover, in cases when both

signals are wmixed" (because of the small difference between their

times of group retardation), the direction of this signal is more
often than not very unstable and indefinite. The separate signals,

on the other hand, have entirely definite values for their direc-

oo
tions and certain of their transmutations, which are observed ex- |

perimentally, may sasily be detected by measurements.

In order to explain the physical nature of ‘the observed

phenomenon, we suggested that it is provoked by anisotropy of the

-l -
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jonosphere, and more precisely by the fact that the propagation

trajectories of the so=called common and uncommon waves deviate
from the plane of descent much as 1light deviates in & crystal
from the plane of descent when 1ts optical axis is not collinear

with it. The explanation of this phenomenon, simply stated in

such a general form, could, of course, nob be deemed satisfactorye

What was pasically interesting in this case was the quantitative

side of the effect, Later, as should be noted, after completion
of almost all experiments, we made the corresponding calculations % ;

and all these questions were clarifieds

The study of this phenomenon required 2 series of experi-

? ments establishing the relation between this effect and the angle |
between the horizoﬁtal component of the magnebic field of the 2

eaf@h, which in the given case is analogous to the optical axis,

and ‘the direction of wave propagation. The sebting up of these

experiments turned out to be rather ponderous and complicated.

Besides, it was indispensable to check thoroughly ‘the
methodology of measurements and the equipment. The fact is that
the direction finding of radio waves reflected from the ionosphere
is, as We Know, a difficult Jjob because of the elliptical condition ;
of their polarization. The Edcock direction finder which we used
usually is free from polarization errors. Engineering practice ;

s

shows, however, that at comparatively small distances from the ,“m;: -

}
.
.
A
.
.
——t

radiator (where we made the measurements), even this type of di-
rection finder is subject to polarization errors, Therefore, in
order to control the equipment, we Were Porced to make the series

of measurements described belowWe

-l

Declassified in Part - Saniti ¢
- Sanit
itized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039
: -| - R000200140016-8



e ———

-~

Qeclassﬂled in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R000200140016-8

With this aim in mind, together with various checks which
we made on the spot, we also experimented with a plane especially

flying around the region where the receiving equipment was located.

Control experiments showed that the conditions in which the experi- _ ! “1
ments described were conducted insured the necessary reliability of

the measurements,

Another question arose, however. Why does practice with

these direction finders indicate their unreliability in work at

comparatively close range from the radiator? An analysis of this i
problem showed that the reason, more often than not, is to be
found not in the equipment, but in the fact that one usually has
to do with a "mixed" wave consisting of two elliptical polarized
waves having different revolution signs. In our case the bearing
also became indefinite when both signals mixed together, It be-
came stable with a deep minimum when the common and uncommon sig- %
nals "untangled" and when the errér of the bearing was revealed

as lying in the nature of the phenomenon itself rather than in

the limited possibilities of the equipment, In fact the possi-
bilities of using the equipment are better than is thought. More=-

over we checked by calculation the character of the bearing in the L

case of presence of polarization errors in the equipment., This 8

calculation also confirmed the reliability of the measurements

e
e PP AT S g e ane ° T —~ .

made,

o A

we describe the results of experiments con=-

\
{
v
!
A\
1

-
]

-m - ~Fr-thTE WOTK

ducted, the experimental methodology and equipment., We also dis- f~@

cuss the data obtalned,
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2, DESCRIPTION OF EQUIPMENT AND OF THE EXPERIMENTAL METHOD=

OLOGY OF OBSERVATION

The impulse method of research was used for the experiments,
The receiving and transmitting equipment was set up in two different : @
installationSe

The main diagram of the transmitting device is shown in
??‘ g Figure 1 (3). The frequency diapason spanned by the. transmitter

formed 1,1 == 12 Miz; the frequency of the impulse modulator

50 Hz {alternate current grid); impulse duration was o~ 05 ° §

10"h seconds, while the gransmitter's radiation power was ~J0,5 KW, i

The main diagram of the receiving device is shown in Figure
2, We see that the receiving device is nothing but an BEdcock di-
rection finder plus a cathode oscillometer and a time tap. The

antenna consisted of four vertical rods 00, each one of which was

divided into two electrically isolated halves connected to the

jf' feeder cables which went to the goniometer Ge The antennae were

set up on supports insulated from the earth, One pair of antennae ! i

was disposed in a NS direction, the other in an EW direction, The

receiver and other auxiliary devices were housed in a wooden booth

that also received the antennae feeder cables. Besides, we also

nad a vertical antenna for compensating the so-called "antemma
effect., The discharge of the receiver intermediate frequency was X f
sent to the amplifier (to the vertical pair of }ggqes) of the

cathode oscillometer equipped with a linear time recorder. Time 1 ii
pecordings of the impulse kind with a frequency of 2500 Hz were '

connected with the modulator of the oscillometer, The time ree= i

cordings were obbained from an RC=-generator synchronized by an \

- |
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alternate current grid, To make it possible to regulate the po=
sition of the received impulses along ‘the time scale, the grid
tension which synchronized the time recordings, was connected to

an RC-generator by means of alternate current phase rotator.

L e e — = —

Figure 1. Basic schematic Diagrem of the trensmitting device

oscillometer

== fa ime
»} @4 recorder

L e e e e

Figure 2.e Basic Schematic Diagram of the receiv=

‘ing = device
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Figure 3. Common Oscillogram: (a) compressed oscillogram, (b) ex~-

tended oscillogram

Tgure Lo Diagram of the device for the synchronization of the time

1ine with the help of the received impulses.
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Figure 5, The relationship between times of group retardation of

common and uncommon signals and frequency,

Figure (3) shows a common oscillogram, One should note that
the experiments were conducted under such conditions that the level
of the signals used more often than not covered external interfer-
ences to a significant degree., The picture on the oscillograph was
clear and the measurements were conducted with sureness, When, : i
for one reason or another, the relative level of the signals studied
weakened, the experiments Gere discontinued, The receiver was |
powered by an accumulator, while all the additional devices were

powered by the alternate current grid,

An alternate current MOGES type grid was used in all experi-

e ments, both in the transmitting and in the receiving .devices, - There~

fore the synchronization between the frequency of the impulses trans-

mitted and the time recorder was automatic. However, for the synchro

b e nization of the time line with the help of received impulses, we also

5. |
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built and tested the device the circuit of which is shown in Figure

L"D

{The received impulses were sent to a tube generator with a

frequency of 50 Hz which they synchronized. In order to synchronize

. the time line the output of this generator was sent to the oscillo-

graph, The tests of this circuit yielded positive results.] Dur-
ing all the experiments, the receiving installation was located at
Krasnaya Pakhra on the NIIZM territory. [I taeke this occasion to

express my sincere thanks to the director of N. V. Pushkov, for the
help given us in our work.] The transmitting installation was lo-

cated at various points in the Moscow regione

The observabion method consisted of the following: during
almost every session of measurements, lasting from half an hour to
an hour, the frequency of the transmitiing apparatus was changed
intermittently so that the measurements began at a frequency at
which the reflextion took place in the lower part of the ionosphere
F layer where the splitting of the signal is not commonly observed.
After that the frequency was increased up to the critical frequency,

first of the Fy layer and then of the Fy layer.

The splitting of the signal was gradually noticed, first in
the region of the eritical frequency of the Fq layer (in the summer) ,
and then alsc in that of the Fo layer, When possible the session
was terminated after the gradual disappearance first of the common
and “then of the uncommon signals, Such measuring seséions with a
comparatively slow marking of height and frequency characberistics

were repeated several times during each experimente

-9 -




Declassified in Part - Saniti 3 !
L bt -Sa > 2 o
nitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R
: - - 000200140016-8

The experiments were conducted fairly regularly during all

the seasons of the year, mostly in the day time (from sunup to sun=

down). This time was the most free from interference by distant

radio stationS.

At each experiment we registered, for each of the frequen=

cies used, the times of the group petardation of each one of the
reflected signals and the direction of their arrival (the value of ¢ T

their azimubhs)e :

Since the receiving station was located near the automatic
ionosphereric station of the NIIZM, it was possible to compare the
values of the critical frequencies of the F1 and F2 layers deter-
mined by our experiments with the data of this station. This con=-
Lrol was important only in ‘the initial sbtage of our experiments
when the more complicated height~frequency characteristics of the
type shown in Figure 5 were want to happen. These are often ob=-
served in the summer. These characteristics have this peculiarity:
in a certain frequency interval (ab in the figure), the doublet of
the signals has a time sequence opposite to the usual one, i.e. the
uncommon signal has a higher pretardation than the common One. It
is often impossible to distinguish the common signal from the un-
common withoub making measurements in the yninterrupted range of
frequencies. However, as the experiments have shown, in view of
the possibility of distinguishing the common signal from the un- 2

- gommon- according bo the direction of their arrival no discrepan- d"“‘,,,u—v-n

L
e i

cies were observed between our measurements'éﬁé Ehe”daté'ﬁ?'ﬁﬁgs
gtation. [One must note that a significant number of measurements
was conducted during the winter at temperatures of «15 == =20

degrees centigrade, We began the neasurements early in the morning,

w 10 =

Sma———
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upon arriving from Moscow, often even in the night, without a pre=-
vious check of the equipment which remained in the booth all year

long. BEven so the equipment functioned flawlessly.]
3, CONTROL EXPERIMENTS TO TEST THE EQUIFMENT

Before we go on to describe the results of all the experi=
ments, let us deal briefly with a certain part of the control mea=-
surements made to check the equipment., The basic aim of this check
was to determine whether the horizontal component Ex of the electro=-
magnetic field of the reflected wave had any influence on the an-
tenna system under the experimental conditions, It is known that
a correct direction finding can be done only with the vertical com-
ponent of the field EZ alone, In other cases the antenna system
is not free from polarization errors and it is impossible to de~
termine the true arrival direction of the wave front to the re-
ceiving point. In fact, under such conditioﬁs, the position of the
principal axes of the ellipses of the wave reflected from the iono-
sphere is often determined., [Let us note that Edcock's antenna
system is in a certain sense analogous to two nicols which allow to

obscure completely the ellipticélly polarized light.,

Why does §u9h»a‘ddﬁ§§?’5rise«ifnthe antenna system is suffi-

. it Y

’ciently well constructed and its horizontai‘parts (feeders) are con-

trolled and sufficiently symmetrical? This danger arises during mea-
surements at close range because in these cases the angle between
the normal of the reflected wave front and the surface of the earth

is very large (near to 90 degrees) and E. 5> Ez‘

For example, the ratio Ep oscillated in our experiments

———

X
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within limits of 1 = 1, depending on the distance between the

5 15
transmitting and the receiving stations. The system of feeders may
fully assure bthe compensation of the horizontal component of such a
value. It is quite understandable, however, that in order to keep
Ex from affecting the results of the measurements it is indispensa=-
ble that it be compensated in the system by a value of a higher
order than the ratio. E; cited above, Moreover, we have many indi-

o |

B
cations that under such® conditions it is very difficult to operate

even with Edcock's direction finders,

The effect of E, on the results of the measurements was de =

termined by three methods:

(1) With the help of certain manipulatiors of the equip-
ment,

(2) By means of experiments with an airplane,

(3) And finally by an indirect way -- comparison of
various experimental data, and also of basic results of experiments
with the results of the calculations of the values of expected ef=
fects during reception of Ex' The data, referring to the last point,

will be given in the following section.

The following control experiments were made with the equip-
ment., One could have supposed that as a whole, the system of feeders
functions as a system of horizontal antennae receiving a revolving
elliptical field created by the reflected waves at the point of re-
ception. In order to check this, we cut the feeders off (electri-
cally) from the vertical antennae and the reception was made with
the feeder system alone., [The apparent resistance of the whole

antenna system had to change thereby, however the tuning of the

w12 -

[ me— -
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system was possible,] After disconnecting the feeders, the reception
of the impulses being studied ceased completely and only with a maxi -
mal gunning of the receiving set a very weak reflected impulse, de-
void of a definite direction, appeared every once in a while on the
oscillograph. We repeated these measurements several times in a wide
i range of frequencies under conditions when strong ref%ections from i ' g@
the ionosphere were present. We cpnnected the feeders back to the

antennae in such a way that we could take measurements with each one

of them separately. Each time the goniometer reacted in the di=- ‘
rection corresponding only to each one of the antennae, and the usual
picture on the direction finder was obtained only when all the an-

tennae were connectede

Moreover we supposed that any assymetry is possible in the
antenna and goniometer systems. Such asymmetries can show up when
the antennae are circularly connected to the same arms of the
goniometer and also when the upper and lower halves of the antenna
or of the gonlometer are cross-connected, The corresponding mani-
pulations were carried out in all the possible combinations and did {

not disclose the presence of any abnormalities.

The airplane experiment was set up as follows, A plane

equipped with a radio station functioning in the frequency range

which interested us flew over the receiving point in several radial
directions, beginning at 15-20 kilometers from it. The pilot di~
rected the plane over determinate landmarks and also over the
; , receiving point, Special gas jets were lib near the receiving * T

point upon instructions from the plane. Fairly convenient flight K

directions were chosen for the plane and each time it flew with good

.13 -
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|
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|
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precision over the receiving point. Moreover the plane made several
circles of small radius and és high as possible right over the re-
ceiving point. During these flights reception and direction finding
of the plane radio station were made continuously. The flights were
organized to determine the angles with the Z axis and directions of
arrival of the wave from the plane under which it is impossible to
get a direction finding. During this experiment we obtained the
following results. The trajectory of the plane flight over the re-
ceiving point, obtained by means of radio direction finding and com-
pared with time signals broadcast from the plane, is shown in Figure
6. The same figure shows one of the circles described by the plane
over the receiving point., Because of cloudiness the plane could fly
no higher than 1000 -?‘ 1200 meters., During the whole experiment
the bearing of the plane was never lost, even at the moment when it
flew over the station or circled above it, Naturally it never flew
exactly over the station, Accdrding to observers on the plane and
on the ground it flew at a distance of ~_ 50 f— 100 meters on each
side of the apparatus., As the plane approached the receiving point,
the ratio between the vertical and the horizontal components of the

field E, of the plane radio station diminished constantly. OCal-
By

culations show that during the most favorable moments, when the

plane circled or flew over the station, E,

E
X
of 1 =~ 1. In all these cases the position of the plane was

20

determined correctly within the bounds of measuring precision,

changed within limits

[Naturally, we do not mention here certain details of the experi-

ments, ]

-1 -
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Figure be Trajectory of an ai lane £1ight over the signal

P

receiving point for the control of tne effect of

the horizontal componen’ g of the electromagnetic

field on the antennd of the direction finders

Besides the indicated measuremenhs we also conducted experi- ]
ments with an auxiliary generator which was transported ayound the
girection finders We compared the optical and radio bearingSe We |

also experienced with distant radio stabions and the results Were
ed with the actual azimubhe These measurements showed thab }
!

precision the direction £inding was :

compar
within the 1imits of essential

- correcte

We also checked O gce whether gLhere were any subshantial \

errors provoked by re—radiation of surrounding objechss With this \

in view we moved the whole equipmenb yo another site within the \
i 2
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boundaries of the same territory but at a considerable distance from
the initial point and where it had a different disposition in rela- ‘ "fi
tion to surrounding objects and where the re-radiation, should it

have any influence, would bear a different character. After a few

hours the experiment was continued on the new site. The new test

gave the same values for the earth impulse and for those reflected

from the ionosphere. :

We must note that the effects studied (see the following
section) are significant in their magnitude and that we do not

consider errors of the order of 2 & 3° as important.
Iy, RESULIS OF THE EXPERIMENTS AND THEIR DISCUSSION

We indicated above that in the experiments here described,
together with neasurements of the time of group retardation of
various signals reflected from the ionosphere, we also registered
the values of their azimuths. Most interesting in relation to the
effect which we are here studying is the analysis of the data which
characterize the arrival to the receiving point of signals reflected
from the region F, especially in the presence of a signal doublet
provoked by a double ray refraction of the ionosphere. However,
it may be useful to consider briefly the characteristics of the
azimuth values of other reflected signals. In a certain measure 9
these data are essential for a full analysis of the phenomenon which

interests us and of its consequencess

o m—woe .,

Characteristic of Azimuth Signals Reflected from the E Layer

Tt is well known that the E layer is a thin region, There-

fore, upon studying the impulses reflected from it we seldom observe

Declassified in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R000200140016-8
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a double refraction because the common and uncommon signals in it
diverge very little., We obtained a series of data, however, which
still indicate that the effect we are studying may be observed even

in the E layer., This is interesting also because it confirms the

electronic nature of the E layer and every new experimental proof

of this fact up to the present time has been of great interest, ] ]

In our experiments we observed only a few reflections from { é
the regular E layer, This was caused by the frequency range we
chose, which usually was higher than the critical frequency of the
layer. A few experiments, however, were conducted with frequen-
cies near and below the critical frequency of the E layer. We
observed a single reflected signal from the E layer whose azimuth
hardly ever coincided with the azimuth of the earth signal, i.e.

with the true direction.

A1l the data gathered for the E layer were obtained while z | ﬁ
the transmitting installation was located in Moscow, at a distance :
of 38 kilometers from the receiving point, (see Table). The value Q
of the azimuth of the earth signal, always coinciding with its true
value, is equal to +27 degrees, [In this article angles are always
measured clockwise, beginning from the Northerly direction.] The
azimuth of the horizontal component of the magnetic vector, i,e,

the inclination of the earth magnetic field was under our experi-

. -
.-

mental condition5 equal to +7 degrees, while the azimuth of the

signal reflected from the E layer oscillated around an average value ?
of ~u350 degrees (~10 degrees), i.e, formed with the true direction | ‘E
an angle 0(4,1::5 ~37 degrees, This fact is very characteristic
since we will see later on that for this point of observation the Lw

uncommon signal reflected from the E layer, had an average value of

-1l -
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Ko, RS =53 degrees (the averaging was drawn from a few tens of
measurements, and the maximum oscillating amplitude of the value 0(;/
was at all times »~~10 degrees, see below), From these isolated
measurements alone we get the impression that apparently in this

case we were dealing with an uncommon signal of the E layer,

Characteristic of the Signal Azimuths Reflected from the Egpor_Leyer

A large number of reflections are observed from the sporadic g

Espor layer. An analysis of these has shown the following,

(1) In the presence of stable reflections from Espor in
a sufficiently wide range of frequencies the azimuth of reflected
signals on the lower limit of frequencies had a value which from
test to test changed within the limits of +10 -? +25 degrees, : E
The individual measurements were stable within the precision limits 5 ‘i
of the calculation (2 — 3 degrees). The azimuth of the reflected
signal on the upper limit of frequencies had values of 340 - 355

degrees, Figure 7 shows a certain part of the measured values of

signal azimuths reflected from the E layer, corresponding to

spor

d th ! }
the smallest (fmin) and the largest (fmax) frequency values under ; :
which these reflections were 6bserved. The thin lines connect the

points referring to one and the same experiment,

. r

4 Gu"‘ c\'\ﬁ\y,

Fow

G i m K

.
o—a
-
-
-
[
°

L ]

! Figure 7. Values of the azimuths of signals reflected from

Egpor for fymin and fiaye The thin lines connect !

the points referring to one and the same experiment.

- 18 -
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(2) In cases where only accidental reflections were
had from Espor their aximuths mostly had stable values in the in-

terval 3L0 2= 350 degrees (=10 =~ =20 degrees).

(3) Fairly often the azimuth of the impulses from
Esp r was unstable and changed so fast that even after a few seconds
o
the measurements became incorrect. This happened mostly in cases

where an intensive Espor was observed (the signals were reflected
from it in a large range of frequencies, up to very high ones).

The fast oscillations of the signal azimuth occurred in the interval
of 350 «% 10 degrees, il.e. with an amplitude of 20 degreeSe How=
ever, often the oscillation amplitude reached L0 degrees and often
the bearing revolved =- the value of the signal azimuth changed
rapidly within limits of 360 degrees and in general became in-

definite.

In relation to the data for ESpor we may note the following
facts: when stable values of bearings were observed (as shown in
sections 1 and 2), we apparently were dealing respectively with
common and uncommon impulses reflected from Espor' For the un-
common impulse we got values of c(fkj =32 o L7=degrees ; while
for the common impulse we got values of q{n, = 2 -? 17 degrees,
This is in good accord with the data for the F layer given below,

(see table),

On the other hand, when we observed instability in the azimuth

values or a revolution of the signal bearing, we apparently received

a "mixed" signal consisting of a common and an uncommon impulse.
Depending on the relation between the amplitudes of the common and

uncommon signals and on the difference of their phases, the value of

“l) =
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the mixed signal bearing must vary, for each one of them separately
has different (and stable) azimuth values, As a result of their
combination there occurs an interference in direction, From the
following data we will see that such a peculiar directional fading

is also observed in other cases and in practice may often be the §

cause of the bearing's instabilitye. Ll

Characteristic of Signals Reflected from the F Layer Directional §

Fading i e

The study of impulses reflected from the F layer were made
with the transmitter in different positions. First let us mention
thelir general characteristics taken from the analysis of a large

quantity of obtained data, These characteristics are as follows:

(1) With frequencies sufficiently removed from the i

critical frequencies both of the Fy and Fy layer and while ob=- i

serving just one reflected signal, the latter under certain con-

ditions [Depending on the time of year, time of day, etc,] had a
stable bearing value corresponding to the value of the azimuth of
the common signal at that point (see table). Often, however, es-
pecially in the case of a frequency increase, the bearing became
unstable, rapidly and amply oscillated, sometimes revolved and
became generally indefinite, especially upon approaching those

PSS K IR 2 R i
.o W

frequencies that brought on a signal‘doublet.

(2) With the splitting of the signal into two (common

and uncommon), which first becomes visilble by the splitting and

widening of the impulse apex, it became possible to take the bearing

of both signals. Both of them had a stable bearing value with a

-0 =
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deep minimume Certain oscillations of the bearings of both signals
were observed fairly often, but not very strongly. The individual
measurements were fairly accurate and were often repeated during a
long span of time within the limits of measurement accuracys The

corresponding data on the azimuths of various impulses, obtained

with various positions of the transmitter, are given below (see
table). The oscillating ranges of agimuthal measurements in the
various experiments are seen in Figure 8 where we show a part of

the measurements for the time when the transmitter was located in
Moscow. One must note that the figure shows individual measure-
ments corresponding to experiments made with long intervals in time
(several months), The data on the figure testifies to the good con-

tinuity of the measurements.

C oW v M l.‘m?ui‘xﬁ

i =

UWE ortvn o ‘\\m(aulw

Figure 8, Oscillating ranges of individual measurements of
azimuthal values for common and uncommon impulses

reflected from the F layer obtained in various

experiments.
“?] -
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(3) The stability of observation of the agzimuthal
values of the comﬁon and uncommon signals for each point made it
possible to distinguish the signals of different types of polari-
zation., This means that in the cases when (because of the influ~-
ence of the ﬁ.layer) the common signal had a lower time of group
retardation than the uncommon signal, one could recognize these
signals from the corresponding bearing values. In spite of the
fact that in experiments with fixed frequencies one does not al-
ways know at the time of measurement in what region of the al-
titude -~ frequency characteristic the measuring is being conducted,
the following comparison of these data with the NIIZM ionosphere
characteristic never led to any discrepancies. Similarly, when in
certain cases because of a strong selective absorption in the lower
layers one of the signals of the doublet was absent (either the
common or the uncommon one) it was possible, by the bearing values
to determine which one of these signals had been received and these

findings always proved correct.

The data on the conduct of various signals which we have
given above show that the signal rgflected from the F layer had
o different nature in different cases. When the azimuthal value
of the signal was stable and coincided with the azimuthal value of
the common signal at that point, apparently it actually was the
common signal. The presence of only one signal could derive from
the fact that in these cases the uncommon signal had a very low
intensity because of strong absorption. Much more seldom we ob=
served the opposite, when the single signal was only uncommon.
This could derive from the selective absorption of the common

signal, In these cases the signal azimuth had a corresponding

Declassified in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R000200140016-8
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value, However, more often than not, the signal was of a mixed

nature, and was made up of two impulses (common and uncommon)e

This led to the appearance of the above mentioned directional

fading end had to lead also 4o an increase in amplitude fading.

For such cases we tried the following experiments: at intervals

of 20-30 seconds we registered the amplitude of the mixed signaly

first with an arbitrary position of the goniometer and then with ]

j a position of the goniometer corresponding to the minimum either

In the latter position

: : of the common or the uncommong signal.

the goniometer was not supposed to receive the corresponding

- signal and the amplitude fading was supposed to change its

characters
E Mixed signal after the { '
‘ ' . elimination of the common : '
Mixed signal signal (according to the
goniometer)

itede

Tepolse
peyet

/ ' /\/W‘.W/W‘»

(i .
Time

Mixed signel sfter elimination
of the uncommon signel

Mixed signel
B {eccording to the goniometer)

,“ : ! |
L Time |
o Figure 9. Results of the study of nmixed" signal fading \

|

vlge
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Figure 10. Relation of the mixed Figure 1le Relation of the ratio E
signal azimubh q(to the difference of ellipse half-axes of a mixed ‘E ' 3
between the phases ﬁ’ for the va- signal to the difference between
rious ratios of amplitude of both phases (3 N

signals in case of directional

fading,

Figure 9 shows a few results of such experiments. From the

figure we see clearly that in the case where following the indicated i i

method, we "eliminated" one of the impulses, the character of the

amplitude fading of the single signal changed and, as a rule, became

less deep. This result is very typical for the characteristic of the

phenomena which we are studying here.

In order to form a conception of the relation between the

character of directional fading and the ratio of common and uncommon

signal amplitudes and of the differences between them, we made cal~

culations the results of which are shown in Figures 10 and 1l.

-l -

S

>—
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Let us suppose, as was done with the disposition of the trans-
mitter in Moscow, that the angle between the arrival direction of the
common and the uncommon signals is 53 degrees (see Table), In this

case the mixed signal consists of two oscillations, one of which, X

= C0Sgy 4 has a directiong » = 053 degrees, The combination of g

Xy and x2 gives us an elliptical oscillation the main axis of which
forms with the direction d/ = O an angle which can te de=-

termined from the formula

Tawda = A sinda + LA o5 I 3iv dy S ) g :
I+ 4™ cos Loy * LA cos P Cosay

while the correlation between the ellipse half-axes is equal to

(/m?w;/; Qs g eos o P CoSdeaf— {11A® oS Qs 12 Ados @”CMO(:}
EY (12
£y (1A 12 s g oo d) RS ([ AT Eranr 24 Cos 00 %)

From Figures 10 and 11, calculated according to formulas
(la1) and (L.2), we can clearly see the general character of the
changes of mixed signal azimuth o( and the degree of its elliptical

conditlon characterizing the sharpness of the bearing minimum,

Relation Between the Azimuths of Common and Uncommon Signals and the

Angle i

After we had obtained the first results of our measurements
of the arrival directions (bearing values) of various types of im=
B pulses, there arose the question about the possible physical nature
of the phenomenon which we are here gtudying., It soon became clear
that the anisotropy of the lonosphere was the cause of the observed
effect, Naturally, the idea came up immediately how to set up an

5 ‘ experiment that would solve the problem, Even before the calcu-

- 25 -
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; lations we understood that the direction of the magnebic vector of m

the earth Hj is the optical axis of ionosphere symme LIy and that in
f' : relation to it the phenomenon had to be symnetrical and, when Ho lies
on the plane of wave descent, the observed effect is supposed o

disappear. Therefore, for the di.spositdion of the transmitter we

£irst chose a point situated approximately in the direction of the

magnetic deflection in relation to the receiver. The experiments

conducted showed that the effect disappears almost entirely (the

angle between the directions of the common and the uncommon signals

3 dropped from -53 degrees o -11 degrees. The data of the measure-

ments were not totally understood at the time, However, & subse~-

quent analysis of these data showed that during the experiments

we failed almost completely to observe the above mentioned di-
rectional fading which, clearly, is a consequence of the effect of
common and uncommon ray deflection from the plane of wave descent =~-

f;‘ (from the true direction).

Later we made experiments with the transmitter situated in

various places. Vast organizational difficulties arose ceaselessly

and it was not always possible to conduct the experiments in the i g
previously charted relative position of the transmitter and receiver

which, for one reason or another seemed necessaryes

The results of thess experiments are offered in the Table

.-

and 10 Figure 12 4 i k »

In order to check the dependability of the measurement re=

sults (we remind the reader that the calculabions were carried out

only at the end of the experiments, see [1]), we carried out many

repeatb neasurements, The data offered in the Table and on Figure 12

w 26 -
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are the result of averaging on the basis of a large number of mea-

surements which, as we already mentioned before, had small dis-

crepancies in the single measurements and certain oscillations pro=-

voked by the reflection from the ionosphere conditions.

[See following page for Table]

CUvn v 0%

e ——

s
e Y tavnmoem

Figure 12, Relation.between” the angle o{ & =~ between the true di=-

-

e 4~_3qgﬁggn-aaétﬁﬁg actual direction of arrival to the receiving point .

of a common and an uncommon signal =~- and the angle q}H .
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AVE

(Data of the earth magnetic field: horizontal

g
vertical comonent Zy = 0.it77 G; inclination:

o N
+7  East.)

;1S OF AR IN RELATION TO Y 4

component Hy = 0,172 G;

70°121; deviation:

4 a1
f1l 2} 13 Thi [5] 61 [71 [e] 91
Relative disposition Average value Frecuency Time of
of transmitting and of signal Diapason Observations Common Uncommon .
int imut in MF Signa Signal (P H
receivi : in MH Signal Sig
receiving points azimuth . g

Distance Heaning cof In degrees In degrees in degrees

in Geographi-
Kms.  cal Azimth A

of Transmit-

ting rt. In

degrees o
L5 7 7 ) 356 - VSTS_‘—G - :11‘1;:19:‘47 0 11 -1
38 26 27 333 2-11 411 year +1 -53 =19
(1945 - 1947)

56 28 26 332 5.5 =8 June 1947 -2 =56 =21
58 L7 30 340 5.0 £ 5.5 June 1947 =17 =67 -40
h2 61 .. 42 347 5.5 £ 1C Oct. 1947 -19 -7k —5215
Ll 347 ., 28 3h3 5.5 27 July 1947 A1 + b +
11 09, 23 329 5.5 £ 6.1 Sept.1647 £l 120 58
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Figure 12 shows the relation between the anglezxj_ == be=
tween the true direction (observation point azimuth) and the di-
rection of arrival to the receiving point of a common and an un=-
common signal == and the angle \P*4 -~ between the true direction
and the horizontal component Hy of the earth magnetic field, The
choice of the angulation sign is explained in FigureVIB and 1L (see

belOW) °

= ;N A
N\ //,cmemm

Ve RN P A

i e / \
A 4 % \
UNE o o CB™Mm o \
U Lomem o™
Fijuve. \3

From the table and Figure 12 we get a general idea of the

relation between

A comparison of these data with the results of theoretical

calculations (see [1], Figure 23) shows the following:

(1) The general character of the phenomenon under real

conditions is in good accord with theorye.

The coincidence of experimental and theoretical data is
expressed in a good agreement of the sign and of general character
of the effect, It is significant that both in the experiment and

in theory X . passes 0 when ‘{)H =0

“?9 -
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(2) A divergence between experiment and theory appears in
a quantitative disparity. Also, experimentally, we observe a cer-
tain asymmetry in the progress of Ao for the common and the un=-

common Signals during passage over zero.

Possibly, this divergence between experiment and theory may

be explained by part or all the conditions enumerated beloWe

(1) The theory was created only for a layer non~homogeneous
in its thickness, Also, we are discussing a linear layer. We al=-
ready noted above that for a parabolic or for any simple layer the
character of the phenomena will be one and the same. However, if
we suppose that in the central part of the layer, i.e. in the
region of uncommon wave reflection (where the wave group retardation
time changes considerably and where it has a significan} deflection
from the plane of descent), there occurs a slowed-down change of
the ionization in relation to the altitude, then considerably quali=
tative divergences from theory and an asymmetric state in the progress

of the rays may appears

(2) 1In the calculations w; do not take into consideration
the non-homogeneousness of the layer along the X, Y axes == in
horizontal directions, AL the same time, from many data it follows
that the T layer often has a ngloudy" structure and other none

homogeneous effects.

(3) The theory says, as usual, that the earth magnetic
field is homogeneous, that is, that the vector Hg remains constant
everywhere, In practice, however, it is well known that the lines
of equal magnetic deviation on the surface of the earth are not

circumferences, but lines of changing curvature., It is totally

~30-
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unknown from the experimental data how the yector of the earth

magnetic field changes 1ts position in the ionosphere, above the

surface of the earthe

Even from an examination of the graphs of the theoretical

calculation (One should bear in mind that in & magnetically active
medium the principle of magnetic reciprocity is not observed.) it

is easy to understand that one may expect various complications of

the ray progress in the jonospheree

stimate of the Polarization Structure of the Field at the Receiving

Estimate of the POlam?iss———=—"

Poinb

It is interesting Lo observe how the polarization structure

of the field at the receiving point changed under our experimenbal

conditions. BY comparing 1t with the resulbs of measurements one
nay clarify whether or not the horizontal revolving (elliptically
built) field of the received wave had any substantial influence

on these measurements (admibting that this field was received through

the horizontal parts (feeders) of the antenna.

From formula (3.,6) (1] we may say that when the wave leaves
the ionosphere, i.e. Wnen V30, The relation between the half=

axes of the ellipse of each wave in the plane and the perpendicular

normal Lo the wave front N is equal to

ahl —

s vonay
-

Ex .y T4 -

Fy h’%i\/ﬁ-r* 441, (ke3)
where Xl is the direction of the axis chosen in the plane, normal
to the wave front, so that it lays in the same plane as Ho and N

(see Figure 13), Thus, the yransversal component HT of the magnetic

w3l -
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field Ho is directed along the axis Xqe The longitudinal component
1s directed along N, The axis Ty (which is not shown on Figure 13)

b is perpendicular to the plane (HON) and to Xj. Tn the formula (Le3)

SRR Al = =L ¢os (BN}, A,:%wmwu.u)

i me
From (Le3) we see that the main axes of the ellipses are ;
L : disposed along Xl, Yl, and the minor half-axis of the common wave i
ellipse is directed along the axis Yy, while that of the uncommon :

)

wave is directed along the axis }L_L.

The position of the ell:'_.pses on the horizontal plane (on the
surface of the earth) in relation to q)” and the angle Z‘a -- exit
of the wave front i:rom the layer -- may be calculated if we project
the ellipses (L.3) onto the plare XY, For this we must determine,

in relation to these wuantities, the values of the angular co- |

efficients of the unit vector y, = H.T (O{T ’/@7__’ YT‘)J

i
, | |
3 X | o
: ‘ ’ '@T XT | )

a(
H Au X # = 0O

5 (45) |
: N Xo O ¢l 0 |
y and of two other simple correlations
i |
: oy ; ]
| Ax +ﬁ7, -rYT, = | | .
( and ‘ (Leb)

. w7 quH+/3T[3H+Yr XH'-:—VI'(O(H S’“ZQ*XHMJ;X:)‘ '

.32 .
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Figure 15, Results of calculation of the relati n between O P ow=
angle between the true direction and the minor half-axis of the

ellipse and VW s respectively for common and uncommon waves with

values Xb = 0% )/ deqrees

% , i WM

e~ i
- - M..‘mw'lﬂum”.,\ e aae e LS "%‘M'—MDNWW
- e Mtpn e msamapaar AN " g, Y

“ st et msisasasiartara e -
Figure 16, Relation b:Wa ellipse half-axes ratio and the value

of the angle WH for common and uncommon waves with values 7,",;- O - //o

“33 -
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Figure 15 shows tne results of the calculation of qp
-. angle between the true direction X axis lying on the plane of
descent and the direction of the minor half-axis of the ellipse ==
in relation to Qf}J respectively for the common (np) and the un=

common (n,) waves and for values 74?,:0 = /e

Figure 1L shows the accepted condition for angulatione

Figure 16 shows the change of relation between the ellipse half~-axes
in tho%?bases, and %JH o

From Figure 15 we see (The jump of My at the point Wy =0

has a conventional character and 1is explained by the fact that the
determination of the ellipse half-axis direction has a meaning only

in two quarters of the quadranhl that the change of gﬁj? -
positions of the minor nalf-axis of the ellipses of various signals
with bearing on & minimum =- has & totally different character than

the experimentally obtained progfess of ¢ £ showmn on Figure 12. |

The fact that with WHsD the value of &+  equals 2ero

for one signal and =00 degrees for the other is one very important

difference between Figure 15 and Figure 12

Further, it follows from Figure 16 that under our experie-

J

mental conditions the ellipses of the horizontal components of the

electromagnetic field have a shape close to a circumference and the

determination of their orientation at the receiving point on the

surface of ‘the earth is impossible in practice pecause of the dif-

fusion of their minimum, In practice one observes almost full i

minimums of the common and the uncommon signals. i

We also examine the characlter of the total effect from the

;f“‘ ; norizontal and vertical components of the field. In this case, &8

T

prnst
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is easily shown, the electromotive force values in the two recipro-
cally crossed coils of the goniometer -- which create the revolving

field =-- are proportional

Ey :/4? cos wt + a CQos aﬂsw[wf—?ﬂ)J

f% :14_2:) N Wt T A Sind S/ /sz-‘V) (Le7)

for a common wave, and

E_\f-.-/f‘;} im0t - = Cosqtos (b= PN

Ex: A2 cos 0t - a S aBin (wt - 7/). (L.8)

for an uncommon wave.

Tn the expressions (4.7) and (Le8) Ay and A are respectively
the values of the electromotive force amplitudes induced from the
horizontal elliptical field (the system Qf coordinates has been
chosen along the main axes of the ellipse which form the filed in
the plane XY), o 1is the angle between the arrival direction of
the wave and the Y axis; a is the electromotive force amplitude in-
duced from the vertical component of the field; and’ ?D is the

phase introduced by the antenna system,

From the expressions (Le7) and (L.8) we may derive formu=
las, analogous to formulas (Lo1) and (L.2), which in the given case
are more ponderous, A&nd we may also calculate the change of the
ellipse position and the ratio between its half=-axis in relation
_to_yAH (the angle between-the signal arrival direction <urrd~thé

horizontal component of the earth magnetic field).

Figure 17 shows the family of curves which characterize the
change of the angle C{fﬂ between the signal arrival direction and
the minor half-axis of the ellipse in relation to 4)H for common

and uncommon waves and respectively for various values of a., In

.35 .-
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the calculations we have taken into consideration the results de-
riving from (L.3) and giving us the position of the ellipse (Ay,
Ax). One of the half-axes of the original ellipse (Ay, A ) is
assumed to be equal to one, Thus the quantity a characterizes
the relation of the electromotive force amplitudes induced from i

the vertical and the horizontal components of the field (since in g

I
the given case the ellipse is close to a circumference),

Figure 17, Family of curves for the relation between ﬁ g -
angle between the true direction of the signal and the minor halfe
axis of the ellipse =~ and the angle qJ# for common and un=
common waves and respectively for various values of éc ®

e v e WS ee i Leew e it

" Figure 17 shows onxf the results of caleulations for cf = 0

since the character of the curves remains the same with other values

of ﬁﬂ .

-36.
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From Figure 17 we see that the progress of the relation

‘ ’ between o{p Awd (P“ giffers rather substantially from the
progress of of g,  (Figure 12), We must bear in mind that with 19w
j values of a (order of 2 §'3) the relation between the poles of the
ellipse (we do not give these graphs) is rather high (A 0.2 = 045)e
This means that the total effect is characterized by é>diffused

bearinge ‘ ;

Our calculations also show that the horizontal components ?
of the field at the receiving point, apparently did not have a ; Q
substantial influence on the results of measurements because othere= ; ‘;
wise the character of the experimental curve would have been
different. Generally speaking one could isolate the effect searched

for in its pure aspect by way of calculationse

5, Fundamental Conclusions

In the preceding sectlons we have described the results of ti 4
the experimental exploration of the ionosphere and also the method=
ology and the equipment with whose help it was conducted. We i
studied the direction of the arrivai to the receiving point of im- d
pulses reflected from the ionosphere, both in the case of a single
reflected signal and in the case of the presence of a doubleb of
signals resulting from the double ray refraction in the ionosphere,
We compared the experimental data with the results of the caleu- 4

1ation of the ray trajéctory in a magnetically active medium ==

e

jonosphere [1]e

TSRS

The completed work allows us to make certain new conclusions,

i

(1) ‘lhanks to the anisotropy of the ionosphere, pro=

h37u
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voked by the external magnetic field of the earth, two signals,
resulting from the splitting of the impulse falling onto the
ionosphere, propagate along various trajectories which k ad them
out of the plane of descent. Because of this, each of them comes
to the receiving point from various directions, differing from the

1
true direction between the receiving point and the radiator,

(2) The arrival direction of the so=-called common
and uncommon signals have fully determined values for the given

reciprocal position of the transmitting and the receiving devices.

Tndividual measuréments of the signal bearing give a deep,
stable minimum. However one observes certain oscillations of
separate measurements around an average value which is constant,
Apparently these oscillations are provoked by the non-homogeneous

character of the ionosphere in its horizontal direction,

(3) The angle Oy between the true direction -- the
line connecting the receiving and radiating points == and the
arrival directions of the common and the uncommon signals depends
on the orientation in relation to the true direction of the hori-
zontal component of the magnetic vector of the earth Hy. When
H, lies on the plane of wave descent, the value of of .. 1s equal

to zero for both signals.

(4) The single reflected impulse more often than not
has an unstable bearing value so that the bearing constantly‘is
completely diffused or rotates. In these cases we meet with
interference between two signals arriving from different di-
rections, We then observe the so-called directional fading of a

"mixed" signal,

“38 -

Declassified in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R000200140016-8

o S

B




Declassified in Part k y A
- Sanitized C ed > 2 ' &
| opy Approved for Release 2012/03/26 : CIA RDP82-00035R ¢
‘ - CIA- -00039R000200140016-8
‘ 16-8

e
5

-
Shasen

i This wype of fading often provokes in practice an unstable
and incorrech sunctioning of the direction finders, the reason for
which lies not in the equipment, bub in the nature of physical
phenomena, i.e. is determined not by a polarization error of the
direction finder, bub by a change in the direction of arrival of

the wave U0 the receiving pointe

(5) ‘'he experimental data are in good accord with

the results of calculabions. However there gtill 1is @ quanti-

tative divergence and a difference in a number of details between
the experimental and calculation data. The basic reason for these
differences lie apparently in the fact that theory does not take
into consideration the non-homogeneousness of the ionosphere in
the horizontal directions and the changes in orientation of the
vector of the magnebic field of the earth, These peculiarities
of the jonosphere may not be taken into consideration not only
because of the tremendous complexity of the calculations, but 1 |
i especially because of the 1ack of any experimental data. These

peculiarities of the ionosphere, generally speaking, must be ﬁ

rather inconstant vecause of their compleX geophysical nature.

(6) The gtudy of the observed effect unveiled new
possibilities of applied methodology for ‘the experimental ex-
ploration of the ionosphere. Together with a space selection of
the received signals, the devices also allow to make their phase

selectione

Thanks to the difference between the arrival directions of
the common and the uncommon signals, one may fairly easily and surely 0 '

differentiate the signals received, 1.€¢ determine their polarization
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gype, This is very important in the field of physical exploration
of the ionosphere. Thanks to this for example We Se€€ from the
experiments made that in the reflections from the E layer we geb
common and uncommon signals. Besides, we also explores the nature
of each of the signals in triplets and quadruplets,l[h]. This
property of the methodology may also be used for a detailed study
of the selective absorption in the ionosphere and for the solution

of other problems as welle

(7) The date obtained show the necessity of taking
into consideration the studied effect during direction finding.
The corresponding calculations, and also @ fairly complete series
of experiments will allow to draw error charts for the practice
of direction finding. These charts will indicate the errors pro=

voked by the anisotropy effect of the jonospheree

Tn conclusion I can only remember with deep gratitude
Academician N. D, Papaleksi who showed greab interest in this worke
Tn part the work was done while he was still alive and he gave us

fyll cooperation and a series of valuable advice and directions.

1 express my sincere appreciation to Doctor of physical-
mathematical sciences Vo Lo Ginsburg for the discussion of this
work and his valuable advice and comments. 1 am also grateful o
Junior Seientific Gollaborator As A, Aynberg, Senior Radio Techni=
cian Te Be Dokhnovskiy and to the VVA Assistant Ae Ae Tankov for
their help during this works
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